A B S T R A C T When human plasma is mixed with testosterone-sH and subjected to electrophoresis on paper in glycine acetate buffer at pH 8.6, at least two proteins other than albumin bind the testosterone. In normal women 80.5 + 1.9%o (SEM) of the recovered radioactivity migrates with the f8-globulins, 7.3 + 0.80% with the inter-aglobulins, and 4.3 + 0.40% with albumin. In normal men the percentages are 69.3 ± 3.0%, 14.3 + 1.6%o, and 6.2 ± 1.1%, respectively. These differences between men and women in binding among the f8-globulins and inter-a-globulins are statistically significant (P < 0.001). The highest percentages of radioactivity associated with the fl-globulins are seen in infants of both sexes, men receiving diethylstilbestrol, and pregnant women. These same subjects have the lowest percentages of radioactivity associated with the inter-a-globulins. Experiments with carrier testosterone indicate that at least some of the differences between the normal men and women and infants can be explained by differences in the concentration of endogenous testosterone. This factor alone, however, cannot explain the increased binding among the f8-globulins in the men receiving diethylstilbestrol or in the pregnant females. In this system estrone, estradiol, dehydroisoandrosterone, androsterone, 17a-hydroxyprogesterone, and 19-nortestosterone compete with testosterone for binding sites on the proteins. None is as potent as testosterone itself.
INTRODUCTION
Evidence from the laboratories of Pearlman and Crepy (1) and Rosner, Kelly, Deakins, and Christy (2) has demonstrated the existence in human plasma of a macromolecular binding factor for testosterone which is not albumin. To date little is known about this binding factor. It seems to be a protein with a low capacity and high affinity for testosterone,l which is present in higher concentration in females than in males, and is increased in concentration in women in late pregnancy. The present study was designed to elucidate further the nature of this protein.
METHODS
Subjects. Laboratory and hospital personnel, aged 18-65, served as normal adult subjects. All the females were premenopausal. The three pregnant subjects were in the third trimester of normal pregnancies, and the four pediatric subjects came from a well baby clinic. The two men receiving diethylstilbestrol both had carcinoma of the prostate; one had been castrated.
Steroids. Testosterone-1,2-'H,2 SA 41.8 c/mmole, was purified by partition chromatography on Celite, and its radiochemical homogeneity established by reverse isotope dilution as specified in a previous publication (3) . We diluted it with recrystallized carrier testosterone to a specific activity of 30 c/mmole and used this preparation throughout the experiments reported below. All nonradioactive steroids were recrystallized before use.
Paper electrophoresis. Testosterone-AH (11,300 cpm, 0.11 ng), dissolved in 0.1 ml of methanol, was placed in a small test tube and the methanol evaporated under nitrogen. When used, carrier testosterone and other steroids were dried simultaneously with the radioactive material. We added 0.2 ml of the test plasma or 0.2 ml of a solution of human serum albumin (5 g/100 ml) to the dried steroid, which resulted in a final concentration of 0.56 ng of testosterone per ml, and let the mixture stand at room temperature for approximately 30 min.
We then applied 50,1 of the mixture (five applications of IOIAI) to strips of Whatman No. 3MM filter paper 3.8 X 30 cm). Electrophoresis was carried out at room temperature in Durrum tanks 3 for 20 hr in 0.055 M glycine acetate buffer, pH 8.6, with an applied voltage of 5.3 v/cm. We used the same technique to determine the migration of testosterone-'H applied in 0.01 M sodium phosphate buffer, pH 7.4, made 0.15 M in sodium by the addition of NaCl.
Determination of radioactivity. At the end of the electrophoresis the paper strips -were dried in air at room temperature and the protein bands located and marked under ultraviolet light (254 inu). We cut the strips into 0.5-cm portions at right angles to the direction of migration of the proteins, placed each 0.5 cm portion into a glass counting vial of low potassium content, and added 0.2 ml of methanol and 10 ml of a toluene-based phosphor (3) . This amount of methanol is not enough to cause quenching and leads to a 2-3-fold improvement in recovery of the radioactivity from the paper strip (4). Radioactivity was determined in a Tri-Carb liquid scintillation spectrometer,4 model 3003, with an efficiency of 55%o for a sealed tritium standard.
RESULTS
When testosterone-3H in buffer is used in the electrophoretic system, it migrates so that the peak of radioactivity is 1 cm cathodal to the point of application (Fig. 1) . Movement of uncharged particles toward the cathode is to be expected in the system used and is explained by electro-osmotic flow (5) . Fig. 1 also shows the pattern of radioactivity evolved when a mixture of albumin (5 g/100 ml) and tritiated testosterone is submitted to electrophoresis. There is no distinct peak at, or cathodal to, the origin; rather a symmetrical 3 Beckman Instruments, Inc., Mountainside, N. J. 4Packard Instrument Co., Inc., Downer's Grove, Ill. peak of radioactivity migrates with albumin preceded by a trail of radioactivity extending to the point where one would expect free testosterone. There is no change in this pattern when 100 ng of carrier testosterone is added to the mixture of albumin and labeled testosterone. Fig. 1 also illustrates the coincident electrophoretic migration of testosterone-3H and plasma from a normal male. Four peaks of radioactivity are seen. The first peak migrates 1 cm cathodal to the origin, as does testosterone alone; the second peak migrates with the fl-globulins, 0.5-1 cm anodal to the origin; the third peak moves with the inter-a-globulins, 3-3.5 anodal to the origin; and the fourth peak migrates with albumin, 5.5-6.0 cm anodal to the origin.-The four peaks have been observed in all the plasmas examined. Freezing and defrosting of portions of the same plasma sample five times over a period of 5 wk did not alter these patterns.
Fractional distribution of testosterone-3H among the plasma proteins of normal men and women. The percentage of radioactivity in a given peak was determined by totalling all the radioactivity recovered in a given strip and dividing by the counts recovered in a given peak. The mean recovery ± 1 SD in 50 strips was 82.7 ± 5.0% (6) . The values for peaks II, III, and IV in the last two male subjects, F.G. and E.M., fall almost 2 SD away from the mean of the normal males.
The values for these two subjects were used in calculating the means and standard deviations. Addition of carrier testosterone. We added carrier testosterone to the plasma of a normal female, S.D., and a normal male. Duplicate or triplicate determinations were done at each concentration of carrier, and the mean percentages were compared to the base line values for these subjects (Table III) . With the addition of 10 ng/ml of carrier testosetrone to the plasma of the normal female peak II fell to 75% of its base line value at the same time that peaks III and IV doubled. At this concentration of testosterone the values for these peaks were more than 2 SD away from their base line values. At a concentration of 100 ng/ml peak II fell to 40% of its original value, and peaks III and IV were four to five times their base line values. With the addition of 250 and 500 ng/ml no further significant changes were noted.
The only concentrations of testosterone at which the electrophoretic patterns of the normal female and the normal male differed were 0.56 and 5.0 ng/ml. With the addition of 5.0 ng/ml to the plasma of B.M. the values for peaks II, III, and IV were increased or decreased more than 2 SD away from their base line values. To produce changes of the same significance in the plasma of the normal female it was necessary to add 10 ng/ml. At concentrations of 10 ng/ml or more of carrier testosterone the electrophoretic patterns of S.D. and B.M. were indistinguishable.
Competition experiments. Table IV shows the effect of the addition in vitro of various steroids on the distribution of testosterone-8H between its two major binding proteins. Competition was carried out with the plasma of a normal female, S.D., at two levels, 1.7 x 10-7 mmoles/ml and 4.9 x Testosterone-Binding Globulins in Human Plasma 6.2 i 1.1 I indicates the peak of radioactivity which migrates cathodal to the origin as did testosterone in buffer; II indicates the peak of radioactivity associated with the j3-globulins; III, that with the inter-a-globulins; and IV, that with albumin. * These percentages represent the means of 12 separate determinations made on the same plasma sample over 7 wk. t These percentages represent the means of six separate determinations made on the same plasma sample over 2 wk.
§ These percentages represent the means of six separate determinations on the same plasma sample over 5 wk.
These percentages represent the means of five separate determinations made on the same plasma sample over 3 months. Lto protein is a function 10 ng/ml of testosterone are added to the plasma ciation constant, the con-of a normal female, the pattern of binding is ines, and the relative con-distinguishable from that of the normal male who protein. However, in the has had no exogenous steroid added to his plasma. i there is a large excess It is reasonable to conclude, therefore, that the rotein), the fraction of differences in binding between normal males and it only on the association females may in large part be attributed to differation of binding sites and ences in testosterone concentration. A low testosncentration of ligand. In terone concentration may also explain the "female ned a set of conditions in pattern" seen in the two male infants examined.
concentration of steroid The differences observed among individual males ange in the fraction of and females ( In C.W., the intact male receiving diethylstilbesterol, the value for peak II is higher than that of all the normal females, and the value for peak III is among the lowest values seen in the normal females. To explain these findings in view of the factors discussed above one would postulate either a decrease in the concentration of testosterone, and (or) an increase in the concentration of binding sites among the f8-globulins, and (or) a decrease in the concentration of binding sites among the inter-a-globulins. The daily administration by mouth of 1 mg of ethinylestradiol to normal men has been shown to decrease the mean plasma testosterone concentration from 8.4 to 2.0 ng/ml (11) . Since this concentration of testosterone is still four times that of the normal female, i.e., 2.0 ng/ml compared to 0.50 ng/ml, one would expect the value of peak II in C.W. to be higher than that of the normal females and the value of peak III to be among the lowest of the normal females, only if there were also an increase in the concentration of binding sites among the fl-globulins and (or) a decrease in the concentration of binding sites among inter-a-globulins.
The values for peak II in the three pregnant females were the highest we observed, and the values for peak III, the lowest. To explain these findings one would again postulate either a decreased concentration of testosterone, and (or) an increased concentration of binding sites among the fl-globulins, and (or) a decreased concentration of binding sites among the inter-a-globulins. Rivarola, Forest, and Migeon have recently shown that the concentration of testosterone in the pregnant female is more than double that the nonpregnant female, i.e., 1.1 ng/ml compared to 0.50 ng/ml (12) 
